A new efficient synthesis for 2-thiopteridine-4,6,7-triones (6-10, 15) has been found in the condendation of the appropriate 5,6-diaminopyrimidine (1-5, 14) with oxalic acid in DMF. Analogous condensations with dimethyl oxalate led to S-alkylation probably via an intermediate O-methylation of the DMF. 8-Methyl-2-thiopteridine-4,6,7-trione (10) shows a ring contraction to 9-methyl-2-thioxanthine (13) on base treatment.
Introduction
An interesting extension of our research on 2-thiopteridines (1, 2) was seen in the investigation of 2-thiopteridine-4,6,7-trione derivatives and their reactivity towards oxidations. Syntheses of pteridine-6,7-diones (3 -7) are usually achieved by a fusion condensation reaction of an appropriately substituted 5,6-diaminopyrimidine with oxalic acid at a temperature above 200°C according to an old procedure of Sachs and Meyerheim (8) . Work-up and purification of the reaction products is often difficult and since lower temp. led only to a monoacylation of the 5-amino group of the pyrimidine (9 , 10) followed by subsequent degradation yields are in general low as reported for example for 2-thio-pteridine-4,6,7-trione (6) (11).
5 formed with dimethyl oxalate in DMF the 8-methyl-2-methylthio-pteridine-4,6,7-trione (16) . We have to assume that the mechanism of this reaction involves first an O-alkylation of the DMF, which then acts as the actual alkylating agent, since dimethyl oxalate alone does not afford S-alkylation. It was also noticed that 10 is relatively labile to base treatment. Reflux in 2 moll l KOH for 30 min converted 10 into 9-methyl-2-thioxanthine (3) by nucleophilic attack of OH-at C-7, ring opening to 11 followed by ring closure to 12 
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This pteridine-purine ring transformation has its biochemical counterpart in the ring concentration of pteridine-2,4,6,7-tetra-one by the enzyme xanthine isomerase from Alcaligenes faecalis (12) .
Oxidations were performed first with 2-thiopteridine-4,6,7-trione (6) in alkaline medium using 2 equivalents of H 2 0 2 to give by analogy with 2-thiolumazine (2) and its 6-and 7-hydroxy derivatives (1) the corresponding potassium pteridine-4,6,7-trione-2-sulfinate (22) in 78% yield. 
Physical Properties
The characteri zation of th e newly synthesized compounds was achieved in the usual manner by elemental analyses, UV -spectra and pK.-determinations by the spectrophotometric method (14) . The latter physical data (table 1) can be lIsed to assign the ionization sequences of the acidic hydrogens in the various pteridine-4,6,7-trione derivatives. Comparisons of the UV -spectra of the neutral forms of the 2-thiopteridine-4,6,7-triones 6-10 indicate because of their close
similarity that all the hydroxy and thi o l functions have adopted the thermodynamically more sta ble tautomeric amide and thioamide configurations . From the monoanion spectra it can be concluded that the most acidic hydrogen in 6 is located on N-l since the spectra of 6, 8 and 10 correspond very closely, whereas 7 and 9 show different curves because of deprotonation from N-8. The second deprotonation in 6 takes place from N-8 as seen from the almost identical dianion spectra of 6 and 8 respectively. The trianion finall y is derived from ionization of N-5 based on the sa me arguments proving the ionization sequence N -1, N-8, N-5, N-3 in 6. Analogous considerations applied to 2-methylthio-pteridine-4,6,7-trione (1 5) and its 8-methyl derivative 16 lead to the conclusion th at in this case the most acidic hydrogen resides on N-3 fo ll owed by the N -8-hydrogen.
The assignments in the pteridine-4,6,7-tri one-2-sulfonate series 17 -19 are based on the sa me compariso ns indicating a n N -3 ionization in the first place because of the a lmost identical first acidic pKa of 17 and 19 as well as identical monoanion spectra. The differences in the second acidic pKa and the similar di a nion spectra prove the ionization from N-8 in 17 a nd leading to the total ionization sequence N-3, N-8, N -5 in thi s molecule. .,f ~ .,f .,f.,f .:!.
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2-Th iopteridine-4,6,7( 3H,5H,8H)-trione (6)
In 50 ml of DMF are heated 6 g (37 mmol) of 5,6-diamino-2-thiouracil (1) and 8 g of oxalic acid for 2 h under reflux. After cooling over night the precipitate is filtered off, washed with H 2 0 and dried to give 6.0 g (72%) of chromatographical pure material. For further purification 1 g of the reaction product IS dissolved in 50 ml of2 moll l NaOH and reprecipitated by slow addition to a hot solution of 70 ml of 2 mol ll HCI. After cooling 0.93 g of a slightly yellowish crystalline powder of m. p. > 300°C is recovered. 
I-Methyl-2-thiopteridine-4 ,6, 7 (3H,5H,8H)-trione (7)
In 40 ml of DMF are heated 5 g (27 mmol) of 5,6-diamino-l-methyl-2-thiouracil (2) (15) and 8 g oxalic acid for 20 min under reflux. The precipitate is filtered off from the warm solution, washed with water and dried at 100°C (6.2 g) . Purification is done by reprecipitation from dilute NaOH by dropwise addition to hot 2 moll l HCI to give after washing and drying 4.35 g (70%) ofa yellowish crystalline powder ofm. p. > 300°C. 
3-Methyl-2-thiopteridine-4,6 ,7(3H,5H,8H) -trione (8)
In 50 ml of DMF are heated 6.0 g (35 mmol) of 5,6-diamino-3-methyl-2-thiouracil (3) and 8 g oxalic acid for 2 h under reflux. The reaction solution is cooled over night, the precipitate collected, washed with H 2 0 and dried at 100°C to give 6.36 g (78%) of chromatographically pure material. Further purification can be done by reprecipitation from 0.1 molll NaOHI 2 moll l HCI to recover 80% of a yellowish crystalline powder of m. p. > 300°C. (10) In 50 ml of DMF are heated 4 g (23 mmol) of 5-amino-6-methylamino-2-thiouracil (5) (18) and 7 g oxalic acid for 3 h under reflux. The reaction solution is chilled over night in the ice-box, the precipitate collected (1.52 g) and from the filtrate by partial evaporation a second crop isolated (2.36 g). The crude product is dissolved in dilute NaOH and added slowly to a hot solution of 2 molll HCI to yield 3.93 g (70%)
8-Methyl-2-thiopteridine-4,6,7 (3H,5H,8H }-trione
of a yellowish crystalline powder of m. p. > 300°C. (13) In 20 ml of 2 molll KOH are heated under gentle reflux 0.6 g (2.46 mmol) of 8-methyl-2-thiopteridine-4,6,7(3H,5H,8H)-trione (10) for 30 min. The hot reaction solution is added dropwise to 50 ml of hot 3 moll l HCI, whereby a precipitate separates, which is filtered hot and is identified as 0.11 g (18%) of starting material. On cooling of the filtrate another precipitate is formed and gives after washing and drying 0. (16) In 50 ml of DMF are heated 5.0 g (29 mmol) of 5-amino-6-methylamino-2-thiouracil (5) (18) and 10 g of dimethyl oxalate under reflux for 1 h. The reaction solution is chilled overnight, the precipitate (4.3 g) filtered off and then purified by reprecipitation from 0.3 moli l NaOH/2 moll l HCI to give 4.1 g (55%) of a colourless crystalline powder of m. p. > 300°C. Potassium pteridine-4,6,7 ( 3H,5H,8H}-trione 2-sulfonate (17) In 20 ml of 0.1 molll KOH are dissolved 0.09 g (0.39 mmol) of 6 and then 0.4 ml of 85% H 2 0 2 added. The solution is stirred overnight, then heated to boiling and dropwise added into 20 ml of 2 mol!1 boiling (19) In 20 ml of 1 moll l KOH are dissolved 2.25 g (10 mmol) of 10 and then a solution of 3.3 g KMn0 4 in 120 ml of H 2 0 added slowly within 20 min. After stirring for 1 h the MnO] is filtered off, the filtrate treated with little KHS0 3 and after addition of some charcoal again filtered . The filtrate is evaporated in vacuum to half of its volume, then acidified with 6 moll l HCI and chilled overnight. The precipitate is collected, washed with little cold H 2 0 and dried at 100°C to yield 0.75 g (24%) of yellowish crystalline powder of m. p. > 300 "c. Leucopterin (20) (13 , 19) In a mixture of 10 ml of cone. aqueous ammonia and 40 g of ammonium acetate are heated 0.2 g (0.66 mmol) of 17 for 5 h under gentle reflux. It is then evaporated in vacuum, the residue treated with 30 ml of warm H 2 0 , and then the insoluble material filtered off. After washing with H 2 0 and drying at 100 D C are obtained 0.13 g (97%) of a colourless crystalline pow-89 der of m. p. > 300°C. The material is chromatographically and spectrophotometrically identical with authentic leucopterin.
9-Methyl-2-thioxanthine

8-M ethyl-2-methylthiopteridine-4,6, 7 ( 3H,5H,8H)-trione
8-Methylleucopterin (21) (13)
In a mixture of 5 ml of cone. aqueous ammonia and 20 g of ammonium acetate are heated 0.08 g (0.27 mmol) of 19 for 2 h under reflux. It is then evaporated in vacuum, the residue treated with 20 ml of water and then the precipitate filtered off. After washing with H 2 0 and drying at 100°C are obtained 0.04 g (75%) of a colourless crystalline powder of m . p. > 300°C. The material is chromatographically and spectrophotometrically identical with an authentic sample (13) .
Potassium pteridine-4,6 , 7 ( 3H,5 H,4 H ) -trione 2-su(flnate (22)
In 20 ml of 1 moll l KOH are dissolved 0.7 g (3 mmol) of 6 and then after cooling to O°C 0.25 ml of 85% H 2 0 2 added . The reaction solution is stirred for 2 h at 0 °C and is then acidified by acetic acid to pH 4, whereby a precipitate separates out. The solid is filtered off, washed with little cold water and dried in a vacuum desiccator to yield 0. 
